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(54) Power amplifier arrangement 

(57) An amplifier arrangement includes a class-G 
amplifier, biased by a first and a second pair of bias volt- 
ages, a drive control circuit and a second amplifier (C) 
biased by the second pair of supply voltages, the drive 



control circuit (DCD) thereby being adapted to turn on 
said second amplifier (C) at a higher input signal ampli- 
tude than the input signal amplitude at which the current 
in the class-G amplifier is internally switched over from 
the first pair to the second pair of bias voltages. 
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Description 

[0001] The present invention relates to an amplifier 
arrangement as described in the non-characteristic part 
of claim 1 . 

[0002] Such an amplifier arrangement is already 
known in the art, e.g. from the US PATENT 3 772 606 " 
Multi-level power amplifier*. Therein, amplifier arrange- 
ments consisting of a series connection of 4 transistors 
are shown. Indeed, in Figs. 2 and 3 of this prior art doc- 
ument, a first pair of transistors 39 and 40, constituting 
a first emitter follower is coupled via a pair of diodes be- 
tween a first pair of power supplies delivering a first pair 
of bias voltages. A second pair of power supplies, de- 
livering to a second pair of power supply terminals a sec- 
ond pair of bias voltages of the same polarity and of larg- 
er amplitude than the first pair, is coupled between the 
outermost transistors 44 and 49 of Figs. 2 and 3 of this 
prior art document. 

[0003] This configuration of 4 transistors in series, is 
generally known as the bipolar or push-pull variant of a 
ciass-G amplifier. 

[0004] The four input terminals of this prior art class- 
G amplifier variant are coupled to the input signal source 
via bias means, the latter corresponding to the drive 
control circuit of claim 1 . 

[0005] In Fig. 2 of this prior art document, this bias 
means correspond to a pair of resistors, denoted 47 and 
48 In Fig. 3, the transistors are coupled in a different 
way to the input signal source, by means of a series con- 
nection of the resistors 60,56,58 and 62, and the two 
diodes 64 and 66 . Ail these variants can however be 
considered as different embodiments of such a drive 
conlro) circuit, which couples the input terminal of the 
arrangement to the different input terminals of the class- 
G power amplifier. 

[0006] Such class-G power amplifiers have proven to 
be efficient from the point of view of power consumption. 
However, one major drawback is that they require a lot 
of silicon area if they have to be realized as an integrated 
circuit. Indeed, in for instance the bipolar or push-pull 
variant of the prior art embodiment, all four transistors 
have to be dimensioned such as to be able to deliver, 
resp. to sink, the largest possible power or current to, 
resp. from, the load. In applications such as audio am- 
plifiers or Asymmetric Digital Subscriber Line amplifiers, 
this largest current is however only to be delivered in 
very exceptional circumstances. This is because the in- 
put signal has a high crest factor, meaning that in gen- 
eral, the input signal has a rather tow average value, 
and that only in these very rarely occurring circumstanc- 
es, the input signal peaks at this maximum level. Only 
in these circumstances this maximum current is to be 
delivered to the load. Nevertheless, since this high cur- 
rent is not only flowing through the transistors connected 
to the highest voltage power supplies, but also through 
the innermost transistors coupled to the lower voltage 
power supply, all four transistors are to be dimensioned 



to be able to carry these rarely occurring high currents. 
[0007] An object of the present invention is thus to 
provide an amplifier arrangement o1 the above known 
type but requiring less chip area compared to the prior 

5 art class-G amplifier. 

[0008] According to the invention, this object is 
achieved due to the fact that said amplifier arrangement 
further incorporates a second amplifier as is further de- 
scribed in the characteristic part of the claim 1 . 

io [0009] The addition of a second amplifier, biased by 
the second pair of bias voltages, and coupled in parallel 
with the class-G amplifier, will result in that the rarely 
occurring current peaks will now be distributed amongst 
the second amplifier and the class-G amplifier. The com- 

15 posing transistors can thereby be kept much smaller 
than the original class-G amplifier transistors. Since em- 
bodiments of such a second amplifier may only include 
two transistors, the total transistor area of the resulting 
arrangement will considerably be smaller than the orig- 

20 jnal class-G arrangement. This will be explicitly shown 
in a further paragraph. The drive control circuit will there- 
by still guarantee the normal class-G operation, where- 
by from the inner class-G transition point, the second 
amplifier will also turn on. This inner class-G transition 

2S point in general is reached for input voltages equal to or 
exceeding to the voltage values of the first pair of bias 
voltages 

[0010] Another characteristic feature of the present 
invention is that said second amplifier is a class-C am- 
30 plifjer. 

[001 1] In this way, also the power consumption of the 
total structure will still be comparable to that of the orig- 
inal class-G amplifier. 

[0012] Yet a further characteristic feature of the 

35 present invention is mentioned in claim 3. 

[001 3] In some embodiments of the amplifier arrange- 
ment, not only the drive control determines the onset of 
the second amplifier, but also the resistance in the class- 
G amplifier. This will be explained into more detail in the 

40 descriptive part of this document. 

[0014] Still a further characteristic feature of the 
present invention is described in claim 4. 
[001 5] This not only results in the reduction of the area 
of the complete arrangement, as compared to the prior 

45 art, but at the same time helps in realizing a difference 
in resistance in the current branches through both am- 
plifiers. This difference thereby allows the current 
through the class-G amplifier to be rather limited. In ad- 
dition, the output impedance of the complete amplifier 

so arrangement can thereby also be tuned so as to obtain 
a smooth transition in operation from the class G to the 
class-G in parallel with the second amplifier. 
[0016] The above and other objects and features of 
the invention will become more apparent and the inven- 

55 tion itself will be best understood by referring to the fol- 
lowing description of an embodiment taken in conjunc- 
tion with the accompanying drawings wherein: 
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Fig. 1 depicts a block scheme of an amplifier ar- 
rangement A according to the invention, 
Fig. 2 presents a simple embodiment of the ampli- 
fier arrangement A of Fig. 1 . 

[001 7] A basic scheme of an amplifier arrangement A 
according to the invention is shown in Fig. 1 . This am- 
plifier arrangement includes a class-G amplifier G, 
which includes a first pair of supply terminals, GV1 + 
and GV1-, for receiving a first pair of bias voltages, V1 + 
and V1 -. This class-G amplifier includes as well a sec- 
ond pair of supply terminals, GV2+ and GV2-, for ther- 
eon receiving a second pair of bias voltages, V2+ and 
V2-. In some embodiments the voltages of each of both 
pairs are of opposite polarity and equal in magnitude, 
for instance +5 and -5 V for the first pair and +10 and 
-10 V for the second pair. However other embodiments 
exist where the V1 + and V1- are not lying symmetrical 
around the zero ground reference, and for instance cor- 
respond to +5 V and -2 V for the first pair, and +10 and 
-4 V for the second pair. One of the bias voltages of each 
pair may as well correspond to the ground or reference 
potential, for instance 0 and +5 V for V1 - and V+, and 0 
and +10 V for V2- and V2+ respectively. In the latter 
case, a unipolar variant of the class-G amplifier is used, 
in the aforementioned cases, a bipolar or push-pull var- 
iant of the class-G amplifier is used. 
[0018] In any case, the voltages lying within the first 
range defined by the first pair of bias voltages, are also 
lying within the second range defined by the second pair 
of bias voltages, and this second range further overlaps 
this first range at least at one side of the first range. The 
second range is thus entirely covering and larger than 
the first range. 

[0019] The amplifier arrangement A further includes 
an input terminal IN, which is coupled to an input termi- 
nal DCDIN of a drive control circuit DCD. In the sche- 
matic of Fig. 1, DCD has six output terminals, 
DCDOUT1 toDCDOUT6. Four of these output terminals 
DCDOUT1 to DCDOUT4 are coupled to respective input 
terminals ING1 to ING4 of the class-G amplifier. Two re- 
maining output terminals DCDOUT5 and DCDCOUT6, 
are coupled to respective input terminals I NC1 and INC2 
of a second amplifier C, also part of the amplifier ar- 
rangement. However other schemes of the amplifier ar- 
rangement exist, where the class-G amplifier has only 
two input terminals, and the second amplifier only one. 
This is for instance the case for the unipolar variants of 
the class-G amplifier. For these unipolar variants of the 
class-G amplifier, also a unipolar variant of the second 
amplifier is used in the amplifier arrangement, including 
only one input terminal. In this case the drive control cir- 
cuit, which is adapted to control the operation of both 
amplifiers as a function of the signal at the input of the 
arrangement, thus also includes less output terminals. 
[0020] Embodiments of both unipolar or bipolar vari- 
ants of such class-G amplifiers are described in the cited 
prior art US patent application. Other embodiments 



however exist, which can be found in the specialized lit- 
erature concerning power amplifiers. 
[0021] An output terminal OUTG of the class-G am- 
plifier is coupled to an output terminal OUT of the am- 

5 plifier arrangement A. 

[0022] The second amplifier C is biased by the second 
pair of bias voltages V2+.V2- by means of an additional 
pair of supply terminals denoted CV2+ and CV2- 
respectivety . In Fig. 1 , the second amplifier includes two 

10 input terminals INC1 and INC2. However, as was al- 
ready briefly mentioned in a previous paragraph of this 
document, other embodiments exist whereby the sec- 
ond amplifier merely has one input terminal . 
[0023] The output terminal OUTC of the second am- 

is plifier is as well coupled to the output terminal OUT of 
the amplifier arrangement. The latter is generally, but 
not necessarily, coupled via a load resistor RLOAD to 
the ground or reference terminal. 
[0024] The drive control circuit DCD is adapted to con- 

20 trol the operation of both amplifiers as a function of the 
input signal at the input terminal IN. Besides controlling 
the operation of the class-G amplifier itself, DCD is fur- 
ther adapted to regulate that the second amplifier will 
conduct current at larger or equal values of the input 

25 signal than these realizing the internal transition within 
the class-G amplifier. 

[0025] By adding the second amplifier to the class-G 
amplifier high output currents to or from the load, are 
now distributed over both the class-G and the second 

30 amplifier. This has the advantage that the transistors of 
the class-G amplifiers can now be designed to be small- 
er than in a single class-G configuration, for driving or 
sinking this same current to or from the load The result- 
ing configuration thereby being much smaller than the 

35 original class-G amplifier, as will be explained into detail 
by means of the embodiment shown in Fig. 2. 
[0026] In order to still have a power efficient amplifier 
arrangement, the second amplifier usually has a class- 
C amplifier configuration, the class-C operation further 

40 being obtained by a proper drive control circuit. 

[0027] In addition, by designing the transistors of the 
second amplifier to be larger by a predetermined factor 
than the transistors of the class-G amplifier, the transi- 
tion point between both amplifiers can be further influ- 

45 enced by this factor. The transition of the operation of 
the class-G amplifier to the second amplifier thus not 
depends solely upon the operation of drive control circuit 
DCD itself. 

[0028] This will now be further explained by means of 
50 Fig. 2, which gives one possible embodiment of a push- 
pull variant of the subject amplifier arrangement. Re- 
mark that, in order to not overload the drawing, not all 
terminals of Fig. 1 are indicated. They will however be 
referred to in the following part. 
55 [0029] As can be observed from this figure, the class- 
G amplifier consists of the well-known configuration of 
a series connection of four transistors : T1 , T2, T3 and 
T4. T1 is an n-type transistor, its collector coupled to 
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GV2+, its base constituting the first input terminal ING1 
of the class-G amplifier, its emitter being coupled to the 
collector of a second transistor, T2. The latter transistor 
is as well an n-type transistor, its base constituting a sec- 
ond input terminal ING2 of the class-G amplifier, its emit- 
ter constituting the output terminal OUTG of this class- 
G amplifier. The collector of T2 is coupled via a diode 
D1 with GV1+, so as to guarantee that for high input 
signals, T1 is delivering current via T2 to the load and 
not to GV1+. The emitter of T2 is coupled to the emitter 
of a third transistor 73, being a p-type transistor. The 
base of T3 constitutes a third input terminal ING3 of the 
class-G amplifier, the collector of T3 being coupled to 
the emitter of a fourth transistor T4 and to the anode of 
a second diode D2. The cathode of this second diode 
D2 is coupled to GV1-. T4 is as well a p-type transistor 
of which the collector is coupled to V2-, and the base 
constitutes a fourth input terminal ING4 of the class-G 
amplifier. 

[0030] The second amplifier C consists of a very sim- 
ple class-C amplifier composed of merely two 
transistors : 75 and 76. 75 is an n-type transistor, the 
collector of which is coupled to CV2+, the emitter of 
which constitutes the output terminal OUTC of this sec- 
ond amplifier and which is also coupled to the emitter 
terminal of T6. T6 is a p-type transistor, the collector of 
which is coupled to CV2-. The base of T5 constitutes a 
first input terminal INCl of the second amplifier; the 
base of 76 constitutes a second input terminal INC2 of 
this second amplifier C. The output terminal OUTC of 
the second amplifier is coupled to the output terminal 
OUTG of the class-G amplifier and further via the load 
resistor RLOAD to the ground terminal. 
[0031] In the embodiment of the drive control circuit 
DCD of Fig. 2 the input terminal DCDIN is directly cou- 
pled to the first output terminal DCDOUT1 and to the 
fourth output terminal DCDOUT4 of the drive control cir- 
cuit DCD. Since the input terminal DCDIN also consti- 
tutes the input terminal of the amplifier arrangement A, 
and since DCDOUT1, resp. DCDOUT4, is directly cou- 
pled to ING1 , resp. ING4, the input signal is thus directly 
applied to the base terminals of T1 and T4. The drive 
control circuit DCD further includes a third diode D3, the 
anode of which is coupled to DCDIN, the cathode of 
which is coupled to DCDOUT5. A fourth diode D4 is as 
well included in DCD, the cathode of D4 being coupled 
to DCDIN, the anode to DCDOUT6. DCD further in- 
cludes a first resistor R1 coupled between DCDIN and 
DCDOUT2, and a second resistor R2 coupled between 
DCDIN and DCDOUT3. 

[0032] The operation of this embodiment will now be 
explained. For values of the input signal between V1 - 
and V1 +, only transistors T2 and T3 of the class-G am- 
plifier are conducting current. Indeed, for positive values 
of the input signal beneath V1 +, diode D1 prevents tran- 
sistor T1 from conducting current, whereas diode D3 
prevents transistor T5 of the second amplifier from con- 
ducting current, since the voltage at the output follows 



the input voltage with a difference of the base-emitter 
voltage of T2 Therefore the base-emitter voltage of T5 
will stay around zero , preventing T5 to turn on. For neg- 
ative values of the input signal, but more positive than 

5 V1 -, diode D2 prevents T4 from conducting current and 
diode D4 prevents T6 from conducting current for similar 
reasons as explained before for the positive voltages. 
[0033] The remainder of the explanation will now be 
given for the case of positive input voltages. It will be 

io obvious to a person skilled in the art to derive the same 
reasoning for the case of negative input voltages. 
[0034] Whenever the input voltage exceeds V1+, 
transistor T2 is driven into saturation whereas transistor 
T1 will become active . Increasing the input voltage will 

is force the emitter of T1 to follow this input voltage by a 
diode voltage difference, whereas T2 will be acting as a 
resistor with its saturation voltage across its collector 
and emitter. Diode D1 will be off. 
[0035] Due to the current that is now flowing through 

20 transistors T1 and T2 to the load, and due to inherent 
resistances in transistors T1 and T2, such as the emitter 
and collector resistances, the voltage at the output ter- 
minal can reach the point where it equals the input volt- 
age minus two times 0.7 V, being the built-in voltage for 

25 biasing a diode positively. From that moment on T5 of 
the second amplifier can conduct current as well, since 
its base-emitter diode will be forwardly biased. It is pos- 
sible that due to the dimensions and the manufacturing 
process for transistors T1 and T2, the emitter resistance 

30 will not reach that critical value in order to have the nec- 
essary voltage drop of 1 .4 V between the voltage at IN 
and OUT. In that case it will be necessary to add an extra 
resistor in series with T1 and T2. 
[0036] Once the second amplifier is turned on, the 

35 partitioning of the total current through the load RLOAD, 
over the class-G and the second amplifier C will from 
that moment on entirely be based on the ratio between 
the resistances present in both parallel current paths. A 
first current path is situated in the second amplifier, 

40 through 75, a second in the class-G amplifier through 
Tl in series with T2. From the point of view of chip area, 
it will be desirable to have a much larger current flowing 
in T5, compared to T1 and T2. Indeed, in this case T5 
has to be the largest transistor, accordingly carrying the 

45 largest current. T1 and T2 can then be kept smaller, 
thereby only allowing a smaller current through them. 
The total chip area of the complete arrangement wilt in 
this case be much lower than in the case of an arrange- 
ment merety including a class-G amplifier. 

50 [0037] This can be easily understood by means of the 
following example : in a configuration where only one 
class-G amplifier is available, both T1 andT2 have to be 
dimensioned to carry a maximum current which is ap- 
proximately equal to V2+ divided by RLOAD. This area 

55 is called AT1. 

[0038] With the addition of the second amplifier, this 
same maximum current can now be divided over T5 and 
T1 in series with T2. Consider for instance the case 
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where the area of T5 is about 80% of ATI and T1 and 
T2 are both 20 % of ATI. How this ratio is chosen will be 
explained in a further paragraph. It is evident that 
(80%+20%+20%)* ATI is smaller than 2* ATI . By the fact 
that this whole configuration is again repeated for han- 
dling the negative input voltages, the effect is even more 
pronounced . 2.4*ATI compared to 4* ATI in the original 
class-G configuration. This thus means a savings of 40 
% in area. By even taking a larger transistor for T5 : this 
savings can even be more pronounced. 
[0039] As an inherent consequence of this asymmetry 
in the dimensions of the transistors in both current paths, 
the inherent resistance is larger in the class-G path of 
T1 and T2, compared to the class-C path through T5. 
Indeed, in case of bipolar transistors, the emitter and 
collector resistances scale more or less inversely pro- 
portionally with the emitter area, and consequently the 
transistor area. In case of MOS transistors, the width 
divided by the length of the transistor determines the 
current that can flow through it. Since in general a short 
length is taken, the transistor width thereby determines 
the area of the transistor. At the same time this ratio of 
the width divided by the length, also determines the in- 
herent resistance. This resistance thus being inversely 
proportional to the transistor width. 
[0040] In the configuration with the second amplifier 
in parallel with the class-G amplifier, the turn on of the 
second amplifier will thus in most cases automatically 
follow from the inherent resistance of the class-G am- 
plifier transistors, since these are the smallest transis- 
tors. From then on, and in case of no extra resistance 
added in any of both paths, the second amplifier will take 
over at least 80 % of the additional current, whereas the 
class G takes over at maximum 20 % of this additional 
current, for the case of the above mentioned example, 
where a factor of 4 is used between the area of T5 and 
T1 . Indeed, this follows from the fact that the resistance 
of T1 is in series with the resistance of T2, thereby again 
increasing the total resistance in the class-G path. For 
the embodiment of Fig. 2, following equations are valid 
for the positive swing of the input signal : 

Vin-Vout-1.4V=l T5 .(R T1 /4) 
Vin Vout-Vsat T2 - 0.7 V= l T1 . 2. R T1 

l T1 +l TS =Vout/Rload 

[0041] Whereby Vin denotes the value of the input 
voltage, Vout the value of the output voltage, 1 .4 V cor- 
responds to the voltage drop over diode D3 and the 
base-emitter diode of T5, Vsat T2 is the collector-emitter 
saturation voltage of transistor T2 , a typical value being 
0.2 V, 0.7 V corresponds to the voltage drop over the 
bas-emitter diode of T1 . 



[0042] In general the transistors are designed to be 
able to carry their proportion of the maximum current 
through the load. The latter is entirely determined as 
V2+ divided by RLOAD. For a chosen factor between 
s the areas of T5 and T1, which is chosen based on the 
values of V2+ and V1 + and RLOAD, their maximum cur- 
rents can then be determined, and consequently their 
area. 

[0043] It is evident that a lot of other embodiments ex- 
io ist for the drive control circuit. As a matter of fact, each 
existing drive control circuit for a particular embodiment 
of a class-G amplifier needs to be adapted so as to pre- 
vent the added second amplifier from turning on before 
the internal turn-on of the class-G amplifier, which nor- 
is mally occurs around voltages of V1+ for the positive 
swings of the input signal, or V1 - for the negative swing 
of the input signal. 

[0044] In Fig. 2 an embodiment is shown using bipolar 
transistors. It is however evident that the npn, resp. pnp, 
20 bipolar transistors can be replaced with nMOS , resp. 
pMOS transistors. 

[0045] While the principles of the invention have been 
described above in connection with specific apparatus, 
it is to be clearly understood that this description is made 
25 only by way of example and not as a limitation on the 
scope of the invention, as defined in the appended 
claims. 



30 Claims 

1. Amplifier arrangement (A) including a class-G am- 
plifier (G), said class-G amplifier including a first pair 
of supply terminals (GV1 +,GV1-) adapted to re- 

35 ceive a first pair of bias voltages (V1 +.V1-), and a 
second pair of supply terminals (GV2+.GV2-) 
adapted to receive a second pair of bias voltages 
(V2+.V2-), the range of voltages between said sec- 
ond pair of bias voltages (V2+, V2-) entirely cover- 

40 ing and being larger than the range of voltages be- 
tween said first pair of bias voltages (V1 +, V1 -), said 
amplifier arrangement (A) including an input termi- 
nal (IN) coupled to an input terminal of a drive con- 
trol circuit (DCD), said drive control circuit (DCD) 

45 includes at least two output terminals 
(DCDOUT1 .DCDOUT2, DCDOUT3, DCDOUT4) 
coupled to at least two input terminals 
(ING1.ING2.ING3.ING4) of said class-G amplifier, 
said amplifier arrangement including an output ter- 

so minal (OUT) coupled to an output terminal (OUTG) 
of said class-G amplifier 
characterized in that 

said amplifier arrangement (A) further includes 
55 a second amplifier (C), an output terminal 

(OUTC) of which is coupled to said output ter- 
minal (OUT), said second amplifier (C) includ- 
ing an additional pair of supply terminals 
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(CV2+,CV2-), adapted to receive said second 
pair of bias voltages (V2+.V2-), 
said drive control circuit (DCD) further includes 
at least one additional output terminal 
(DCDOUT5, DCDOUT6) coupled to at least one s 
input terminal (INC1.INC2) of said second am- 
plifier (C), 

said drive control circuit (DCD) thereby being 
adapted to turn on said second amplifier (C) at 
a higher or equal input signal amplitude than io 
the input signal amplitude at which the current 
in said class-G amplifier is internally switched 
over from said first pair of supply terminals to 
said second pair of supply terminals. 

15 

2. Amplifier arrangement according to claim 1 

characterized in that 

said second amplifier is a class C amplifier. 

3. Amplifier arrangement according to claim 1 20 

characterized in that 

the turn-on point of the operation of the sec- 
ond amplifier further depends on the resistance val- 
ue in the current path of said class-G amplifier. 

25 

4. Amplifier arrangement according to claim 1 

characterized in that 

the composing transistors of said second am- 
plifier have a larger area compared to the compos- 
ing transistors of said class-G amplifier. 30 
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An operational amplifier arrangement is disclosed which comprises a non-linear amplifier 
(A2) and a linear amplifier (A3), both having a pair of input terminals one of which is 
coupled to an arrangement input terminal, and both having an output terminal which is 
coupled to an arrangement output terminal, whereby the output terminal of said non-linear 
amplifier (A2) is further coupled to the output terminal of said linear amplifier (A3) via a 
series impedance, whereby the output terminal of said linear amplifier (A3) is coupled to 
the arrangement output terminal via a terminating impedance (RTERM), and whereby the 
arrangement further includes an active back termination arrangement (ABT) coupled 
between the arrangement output terminal and either one of said pair of input terminals of 
said linear amplifier (A3). In a preferred embodiment said linear amplifier (A3) is operating 
between a power supply which exceeds the supply voltage of the power supply of said 
non-linear amplifier (A2). Differential embodiments of this basic configuration are also 
described. 
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